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SPECIFICATION 

FLAME-RETARDASJT POLYAMIDE COMPOSITION, AND ITS USE 

[FIELD OF THE INVENTION 

The present inventian relates to a flame-retardant polyamide 
■xunposition excellent in mechanical properties, e.g., fLowability and 
coughness, and in resistiance to refiow heat, and also to electric and 
felectronic device members, e.g., connectors, made of the flame-retardant 
t)olyamide composition, Jiore particularly to a flame-retardant polyamide 
•composition suitable fori forming electric and electronic device members, e.g., 
■fine-pitch connectors which are thin and short in distance between the 
connector terminals, and to heat-resistant electric and electronic device 
members, e.g., connectors, made of the flame-retardant polyamide 
(toraposition. 

Background of th& invention 

The dip method is a iiiorraal choice for soldering connectors onto a 
/brint-circuit board. Recently, refiow (surface mounting) soldering has been 
developed as the method for high-density mounting. It coats a print'circmt 
board with a creamy solder by the printing techniques, puts the device 
members (e.g., connectoi^ thereon, and heats and melts the solder by 
ilifirared ray and/or hot axr, to mount these members by the molten solder 
(teurface mounting). Thp connector material must be highly resistant to 
Heat, when siirface-mounted by the refiow soldering, because it 
is exposed to a high ten^perature of 230 to 240°C by infrared ray or hot air 
i|i the refiow furnace. 

Polyamide has been used as the material for forming electronic device 
niembers, because of its moldability into a desired shape after being molten 



SF-779 



■under heating. In gen 
purposes include nylon 
however, are not suffici 
surface-mounted memb 



an aromatic dicarboxylic 
ulkylehe diamine, and is 
^nd rigidity and lower in 
A polyamide resin is 



5ral, the polyamides widely used for the above 
6 and nylon 66. These aliphatic polyamides, 
intly resistant to heat as the materials for tlie 
its, which are exposed to high temperature, 
although having good moldability. The surface mounting, therefore, needs 
highly heat-resistant polyamides, which has led to development of nylon 46. 
[t is more resistant to h ;at than nylon 6 and nylon 6&, but has a 
iisadvantage of high wj .ter absorptivity, which may cause problems. The 
ice member of nylon 46 resin composition, when it 
ibsorbs water, may undergo dimensional changes caused by the moisture, 
md blister under heatii g during the reflow step. In order to solve these 
])roblems, an aromatic polyamide has been developed, as disclosed by 
Japanese Patent Laid-Open Publication No.53536/1984. It is derived from 
acid, e.g., terephthalic acid, and an aliphatic 
higher in resistance to heat, mechanical strength 
water absorptivity than nylon 66 and nylon 46. 
inherently self-extinguishing in nature, but must be 



polystyrene represented 
Laid-Open Publication N 
hich is produced by pol; 



iacorporated with a flair e retardant for surface -mounted members required 
to clear the high flame rkardancy standard, e.g., V-0 specified by UL94. 
One of the common metl ods to improve flame retardancy of polyamide is 
ijicorporation of a flame retardant, e.g., a halogen compound. For example, 

composition of polyamide is incorporated with a halogenated polystyrene 
(jlapanese Patent Laid-Open Publication No.47034/1976), with a brotainated 
ay Ferro's Pyrocheck 68PB, (Japanese Patent 
0.66755/1991), with a polybrominated styrene, 
ymerization of brominated styrene and is more 
tliermally stable than brominated polystyrene (Japanese Patent Laid-Open 
F|ublication No.320503/lf i93, WO 98/14510), and with a condensate of 
■ominated phenol (Japaiese Patent Laid-Open Pubhcation No.2100/198l). 
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■etardancy, flowability 
;hese surface-mounted 
Some of the methods 



rhese halogen-based Same retardants do provide flame retardancy and 
improve flowability characteristics, but tend to deteriorate mechanical 
properties, e.g-., towghnfiss. 

Recently, surface-mounted members, e.g., connectors, are becoming 
thinner and shorter in j itch. As such, the resin for these members are 
•equired not only to be higher in resistance to heat and flowabiHty but also 
.n toughness, in order to prevent cracking of the formed member, e.g., 
:onnector, when a metalic terminal is pushed thereinto. 

Therefore, a flame -rt tar dant polyamide composition excellent in flame 
iind toughness has been increasingly in demand for 
iQembers, e.g., connectors, 
to improve mechanical properties of polyamide, e.g., 
i;oughness, include incoijporation of a maleic polyolefin or SEBS. However, 
mere addition of the abcve compound will deteriorate flowabihty of 
])oly amide. 

It is considered that iispersion of the flame retardant particles uniformly 
!.nd finely will control pi'operty deterioration caused by the retardant. 



However, no method has fc 
in a base resin dispersec v 
the retardant particle si^e. 



s ;yrene, discussing that 
and flowability decreasei 



been investigated to reduce retaurdant particle size 
with the retardant and glass fibers, or to measure 
No attempt has been made to establish the 
ilelationship between flapie retardant particle size and toughness of a resin 
composition. 

Japanese Patent Laid-Open Publication No. 320503/1993 discloses 
defines number- and weight-average molecular weights of polybrominated 
; nechanical properties deteriorate as they decrease 
as they increase, and that a flame retardant 
p|referably has an average diameter of 20|j,m or less, more preferably lO^m 
when it is dispersed in a polyamide resin composition. However, it 
is silent whether or not s\ze of the flame retardant dispersed in the 
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polyamide resin compos 
present inventioa have 
'arge. The specification 
iispersing the particles 
;he particle size and composition 



been 



The invention has 
lonventional techniques . 
; jolyamide composition 
aigh in toughnessO. 

It is another object o 
device members made o: 



ition is concretely measured. The inventors of the 
measured the particle size to find that it is very 

is also silent about the concrete method for finely 
and concrete discussion on the relationship between 
properties. 



(pBJECT OF THE INVENTION 

developed to solve the problems involved in the 
It is an object of the invention to provide a 
Excellent in flame retardancy, good in flowability and 



e nd 0 to 70% by raol of 
than terephthalic acid 



the invention to provide electric and electronic 
the flame -retardant polyamide composition. 



SU VIMARY OF THE INVENTION 
The flame-retardant polyamide composition of the present invention 
omprises-" 

(a) 20 to 80% by weight of an aromatic polyamide, composed of recurring 
imits of dicarboxylic acil component unit and diamine component unit, the 
farmer composed of 30 to 100% by mol of a terephthahc ac*id component unit 



an aromatic dicarboxyhc acid component unit other 
and/or 0 to 70% by mol of a C4-C20 aliphatic 



dicarboxylic acid compo ient unit and the latter composed of an aliphatic 
diamine component unit and/or and alicychc diamine component unit; and 
1: aving an MFR of 40 to 300^/10 minutes, determined at a load of 2,160g and 
tjmperature of lO'C plus melting point, and melting point exceeding 290°C,' 

(B) 5 to 50% by weight of an inorganic reinforcing agent, 

(C) 5 to 40% by weight of a bromine-based flame retardant, containing at 
hiast one type of polybrominated styrene obtained by polymerization of 
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jrominated styrene, and 

(D) 0.1 to 10% by weig-ht of an antimony-containing compound and/or 
dnc-containing compouid oxide, the components (A) to (D) totaling 100% by 
iveight, 

wherein, the polyamide composition has flame retardancy equivalent to 
V'O determined in accordance with the UL-94 specification, and the 
jromine-based flame r^tardant has a number-average particle size of less 
:han 0-90|Ltin: in the poly amide composition, when it is peUetized. 

The flame-retardant pelletized polyamide resin composition of the 
;)resent invention compvises^ 

ght of an aromatic polyamide, composed of recurring 
mits of dicarhoxylic acid component unit and diamine component unit, the 
former composed of 30 1 3 100% by mol of a terephthalic acid component unit 
and 0 to 70% by mol o:' a C4-C20 an aromatic dicarhoxylic acid component 
unit other than, tere])hthalic acid and/or aliphatic dicarboxyhc acid 
component unit and the latter composed of an aliphatic diamine component 
unit and/or and alicyclic diamine component unit; and having an MFR of 40 
to 300g/10 minutes, determined at a load of 2,160g and at a temperature of 
],0°C plus melting point, and melting point exceeding 290°C; 

(B) 5 to 50% by weigl t of an inorganic reinforcing agent, 

(C) 5 to 40% by weight of a bromine-based flame retardant, containing at 
arominated styrene obtained by polymerization of 



3ast one type of polybr 
Irominated styrene, and 

CO) 0.1 to 10% by weight of an antimony-containing compound and/or 
zinc-containing compound oxide, the components (A) to (D) totaling 100% by 
veight, 

wherein, the polyamide extracted with concentrated sulfuric acid &om 
t|ie pelletized polyamide resin composition has a viscosity of 60 to llOml/g. 
The formed article )f flame-retardant polyamide composition of the 
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present invention co 
(A) 20 to 80% by 
units of dicarboxylic ac 
X)rnier composed of 30 
md 0 to 70% by mol of 
han terephthalic acid 
iicarboxylic acid 
iiamine component uni 
CB) 5 to 50% by weig; 

(C) 5 to 40% by weight 
east one type of 

Ijrominated styrene, 

(D) 0.1 to 10% by 
;inc-containing com] 

^ veight, 

wherein, the bromine- 
idze of less than 0.90nm 

The polyamide 
ibrmed article preferah 
article normally has 
Accordance with the UL- 

The electric or elect 
cf the flame-retardant 
composition of the present 

The inventors of the 
a specific aromatic 
reduce size of the flame 
polyamide composition 
f ame-retardant polyamidi 



wei ght of an aromatic polyamide, composed of recurring 
d component unit and diamine component unit, the 
0 100% by raol of a terephthalic acid component unit 
an aromatic dicarboxyhc acid component unit other 
and/or 0 to 70% by mol of a 04*020 ahphatic 
nent unit and the latter composed of an ahphatic 
and/or and alicychc diamine component unit)" 
it of an inorganic reinforcing agent, 

of a bromine-based flame retardant, containing at 
polybrominated styrene obtained by polymerization of 
, ana. 

sight of an antimony-containing compound and/or 
oxide, the components (A) to (D) totaling 100% by 
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b ised Game retardant has a number-average particle 



d with concentrated sulfuric acid from the above 
y has a viscosity of 60 to llOml/g, and the formed 
retardancy equivalent to V-O determined in 
94 specification. 

device member of the present invention is made 
E olyamide composition or pelletiised polyamide resin 
invention, formed into a desired shape, 
present invention have found that a combination of 
and a specific flame retardant can uniformly 
retardant pEirticles, and give the flame-retardant 
of high flowability and toughness. The 
.e composition can give finely pitched electric or 



polyamide 
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ilectronic device 
iamaging these members 
g., during tke reflow 



members recently in demand, and reduce risk of thermally 
even when they are exposed to high temperature, 
soldejdng step. 



BRIEF 

'igure 1 illustrates the 

Temperature ("C), 
a."'- Temperature profile 



DESCEIPTION OF THE DRAWING 
reflow process. 
T\me (seconds) 

of 240°Cx20 seconds 



£ind 0 to 70% by mol of 
than terephthalic acid 



DETAILED DESCRIPTION OF THE INVENTION 
Next, the flame-re tardant polyamide composition of the present 
invention and electric aid electronic devices, in particular connectors, made 
of the above compositior . are concretely described. 

The flame-retardani polyamide composition of the present invention 
Comprises' 

(a) 20 to 80% by weight of an aromatic polyamide, composed of recurring 
units of dicarboxylic acii component unit and diamine component unit, the 
former composed of 30 to 100% by mol of a terephthalic acid component unit 
an aromatic dicarboxylic acid component unit other 
and/or 0 to 70% by mol of a C4-C20 aliphatic 
cicarboxyhc acid compoiient unit and the latter composed of an aliphatic 
ciamine component unit and/or and ahcyclic diamine component unit." and 
I .aving an MFR of 40 to SOOg/lO minutes, determined at a load of 2,l60g and 
eta temperature of 10° C plus melting point, and melting point exceeding 
90'C; 

(B) 5 to 50% by weight of an inorganic reinforcing agent, 

(C) 5 to 40% by weiglt of a bromine-based flame retardant, containing at 
Ijast one type of polybrominated styrene obtained by polymerization of 

rominated styrene, and 
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(D) 0.1 to 10% by 
iinC'COntairdng compound 
iveight, 

wherein, the polyamid( 
V-0 determined in 
and the bromine -baaed 
>f less than O.SO^iin in 

It ia considered th; 
jolyamide and that of 
for the broraine -based 
:)articles to be dispersec 
number-average particlo 



iveight of an antimony-containing compound and/or 
oxide, the components (A) to (D) totaUng 100% by 



accordance 



tlie 



.e composition has flame retardancy equivalent to 
with the UL-94 specification, 
flame retardant has a number-average particle size 

polyamide composition, when it is pelletized, 
,t the relationship between MFR of the aromatic 
1 he polybrominated styrene as the major ingredient 
$ame retardant is essential for the flame retardant 
in the aromatic polyamide in such a way to have a 
size of less than O.90jj.m, 
' a) Heat 'resistant polyamide 



An aromatic 
: >resent invention. 

The above'described 
units derived from G) ca: 

The recurring units 
.00% by mol, preferably 
Component unit derived 
telephthahc acid compo] 
J jomatic polyamide can 
{ f an aromatic dicarboxyjli 
£.nd/or 0 to 70% by mol, 
f cid component unit havong 
41so serve as the dicarbosyli( 
The diamine component 
c icarboxylic acid compoiient 
e n alkylene diamine 



polyamide is used as the heat-resistant polyamide for the 



aromatic polyamide (A) is composed of the recurring 
•boxyhc acid and (ii) diamine, 
"^hich constitute the aromatic polyamide has (i) 30 to 
50 to 100% by mol, of the dicarboxyKc acid 
from terephthalic acid. In addition to the 
t units, the recurring units which constitute the 
contain 0 to 70% by mol, preferably 0 to 50% by mol, 
ic acid component unit other than terephthalic acid 
preferably 0 to 50% by mol, of aliphatic dicarboxyixc 
4 to 20, preferably 6 to 12, carbon atoms. They 
c acid component (i). 
unit (ii) which constitutes, together with the 
unit (i), the aromatic polyamide is composed of 
component unit of a straight-chain alkyl diamine 



laving 4 to 18, preferably 
ijroup in the side chain. 

The examples of th( 
and aliphatic diamine 
Ijeneralform-ula [I]: 




-oc 



\yherein, "n" is 4 to 18, 

The examples of the 
polyamide used in the 
I y the general formula 
[[I]: 



-oc- 



6 to 12, carbon atoms and/or that having an alkyl 
iind 4 to 18, preferably 6 to 12, carbon atoms, 
recurring units composed of the terephthalic acid 
;omponent units include those represented by the 



-CO— NH — (CH2)n— NH- 




V herein, "n" is 4 to 18 
general formula [I]. 

The other examples c 
^16 poly amide used in 
represented by the 
general formula [III]- 



— OC- 



preferably 6 to 12. 

recurring units which can suitably constitute the 
p resent invention, together with the one represented 
m, include those represented by the general formula 



- CO— NH (CH2)n NH- 



general 



preferably 6 to 12, independent of that for the 

f the recurring units which can suitably constitute 
the present invention, together with the one 
formula [I], include those represented by the 



CO— NH- 



-NH- 



CIII] 



diva] ent 



vherein, Ri and are 
j general formula, or a 

12, carbon atoms. It is 
■ jh.e conjpcjient unit ( 
Jbllowing- cyclic strui 
jfeneral formula [III], 
cyclic structure. Howe 
may have the cyclic 
normally may be a 
( aibon atoms. In this 
preferably 6 to 12, carb 
diamine of alicyclic 
unit may be a divalent 
qarbon atoms. 

The hydrogen atom 
fjyclic structure of the di 
substituted, at least 

ixother monovalent 



each a cyclic group represented by the following 
dijvalent hydrocarbon group of 4 to 18, preferably 6 to 
preferable that at least one of and R^, preferably 
ived from dicarboxyhc acid, is a group having the 
xe. For the recurring unit represented by the 
ach of R^ and R^ may be a group of the following 
yer, the dicarboxylic acid component unit normally 
tructure and the other diamine component unit 
hydrocarbon group of 4 to 18, preferably 6 to 12, 
case, the divalent hydrocarbon group of 4 to 18, 
Dn atoms as the diamine component unit may be a 
3ture, e.g., cyclohexane diamine. Each component 
hydrocarbon group of 4 to 18, preferably 6 to 12, 




bonded to the carbon atom which constitutes the 
j^alent group of cyclic structure shown below may be 
pajrtly, with an alkyl group, e.g., methyl or ethyl, or 
groijip, or monovalent atom, e.g., a halogen atom. 
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therein, is a hydrogen atom or an alkyl group of 1 to 5 carbon atoms; and 
'q" is an integer of 1 to ^ 

The aromatic polyanide is incorporated normally at 20 to 80% by weight, 
)>referably 25 to 70% by weight. 

The dicarbaxylic acia (i) which constitutes the aromatic polyamide for the 
])resent invention contjins an aromatic dicarboxylic acid as the essential 



ingredient, and the 
ierephthalic acid (i-a). 

The dicarboxyhc acic . 
1 ban terephthalic acid (i 
The examples of the 



aromatic dicarboxylic acid preferably contains 

(i) may contain an aromatic dicarboxylic acid other 
b), or aliphatic dicarboxylic acid (i-c). 
aromatic dicarboxyhc acid other than terephthalic 



£.cid Ci-b) include isophthalic acid, 2-methyl terephthalic acid, naphthalene 
dicarboxyhc acid, and a 
The concrete exampl 



lombination thereof. 

3S of the ahphatic dicarbosrylic acid (i-c) include an 
£:hphatic dicarboxyhc ac .ds having an alkylene group of 4 to 20, preferably 6 
to 12, carbon atoms, e.g. succinic acid, adipic acid, azelaic acid, sebacic acid, 
£ .nd a combination there Df, of which adipic acid is more preferable. 

The diamine (ii) which constitutes, together with the dicarboxylic acid (i), 
the aromatic polyamide Is a straight-chain alkylene diamine having 4 to 18, 
ireferably 6 to 12, ca-bon atoms and/or alkylene diamine or ahcyclic 
ciamine having an alkyl me group in the side chain and 4 to 18, preferably 6 
tp 12, carbon atoms. 

The concrete exampl4 of the straight-chain alkylene diamine having 4 to 
l|8 carbon atoms as the diamine (ii) include 1,4-diaminobutane, 
6-diaminohexane, 1,7-diarainoheptane, 1,8-diaminooctane, 
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L re cum fig 



10C% 



9- diamiiiononane, 
12 - diamine dodecane , 

! i-methyl- l,8-diaininoociai:ie, 
Of these compoundi 

10- diamxnodecarte ar<i 
] nore preferable. 

The examples of alic; 
The aromatic 
iibove -described 
l erephthalic acid, and 
iiccouats for 30 to 
(licarboxylic acid compojueixt 
The aromatic polyaraid? 
units derived from an 
acid, and diamine, as 
unit other than terephtialic 
to 50% by mol, of the 
j.romatic polyamide. 

The aromatic polyamjide 
c.erived an ahphatic 
c.icarboxyhc acid comi 
to 50% by mol, of the 
£ romatic polyamide. 

Preferably, the con 
riresent at 30 to 100°/ 
preferably 50 to 70% 
£ romatic dicarboxylic 
f referably 0 to 40% by 
cDmponent unit (c) deriv^ 



by 
: acid 



1,10-diaminodecane, 1, 11-diaminoundecane, 
2-methyl-l,5-diaminQpeatane, 
and a combination thereof. 
1,6-diaminohexane, 1,9-diaminononane and 
more preferable, and l,6-diaminohe3£ane is still 

^clic diamine include cyclohexanediamine. 
polyamide for the present invention has the 
units derived from dicaxbojcylic acid containing 
diamine. The terephthalic acid component unit 
<> by mol, preferably 50 to 100% by mol, of the 
unit that constitutes the aromatic polyamide. 
for the present invention also has the recurring 
aromatic dicarboxylic acid other than terephthalic 
described above, and the dicarboxyHc acid component 
acid accounts for 0 to 70% by mol, preferably 0 
dicarboxyhc acid component unit that constitutes the 

for the present invention has the recurring units 
di<jarboxylic acid and diamine, wherein the aliphatic 
unit accounts for 0 to 70% by mol, preferably 0 
dicarboxyhc acid component unit that constitutes the 



lonent unit Ca) derived from terephthahc acid is 
by mol, preferably 40 to 80% by mol, still more 
mol", the component unit (b) derived from an 
other than terephthalic acid at 0 to 50% by mol, 
ijaol, still more preferably 0 to 20% by mol; and the 
from an aliphatic dicarboxyhc acid at 0 to 70% by 
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60% 



:hq1, preferably 10 to 
percentages based on 
ncids. 

The aromatic polya 
■iO to 300g/10 minutes, 
of 10°C plus melting 
] Preferably 60 to 200g/10 

The flame -retarded 
liave very high flowabiL 
combining the aromatic 
more, determined at 
minutes, with the polyb 
i he main ingredient for 
] laving an MFRzto'C o 
I)rGferably 50 to 350g/10 

As described above, 
normally exceeding 290" 
having a melting point 
€ specially high 
Iiolyamide gerierally has 

The aromatic 
shows a low water 

The aromatic 
to heat, processing 
nolding step being nc 

The above-described 
polyamide composition 
sromatic polyamide hav 
the above range, or com; 



by raol, stiLL more preferably 20 to 50% by mol, all 
;he component unit derived from the dicarboxylic 

lide for the present invention must has an MFR of 
determined at a load of 2,l60g and at a temperature 
point, preferably 50 to 250g/10 minutes, more 
minutes. 

:)olyamide composition of the present invention can 
resistance to heat and mechanical properties by 
polyamide having an MFRmp+io of 40g/10minutes or 
C plus melting point, preferably 50 to 250g/10 
aminated styrene of specific melt viscosity, which is 
the bromine-based flame retardant described later, 
[ 40g/10iainutes or more, determined at 270°C, 
minutes. 

the aromatic polyamide has a high melting point, 
C. Of the high-melting aromatic polyamides, those 
of 295 to 330° C, preferably 300 to 320° C, show 
ce to heat. The amorphous part of the aromatic 
a glass transition temperature of SO^C or higher. 
; polyamide, having the specific structure above- described, 
absor ativity. 

polyamide (A) for the present invention is highly resistant 
temperature therefore during the compounding or 
.ormlally 280 to 380°C, preferably 300 to 350*C. 

aromatic polyamide for the flame-retarded 
of the present invention may be an individual 
Lng a composition, MFR and melting point each in 
I osed of two or more types of aromatic polyamides of 
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different properties. Ip 
l)olyainideJ5 are adjuste(, 
a whole. 

The aromatic polyartjide 
the present invention 
preferably 70 to 105ml/ 
iiffcer it is extracted frortji 
Ipeen adjusted with the 

Viscosity of the pot 
accordance with ISO 
<ixtracted with concent 
])olyaniide composition 
the concentrated sulfuri 
of the poly amide means 
IJbbelode type viscometer 

The flame-retarded 
Contains the aromatic 
0% by weight. 



The flame "retarded 
ontains an inorganic 
poly amide. 

The inorganic reinforcing 
arious types of inorgan :c 
ijieedle, cloth, mat, and 

More concretely, the 
ihvention include inor 
rietal'coated glass, cera 
rietaJ, asbestos and hory. 



the latter case, types and proportions of these 
to have each required property in the above range 



for the flame-retarded polyamide composition of 
])referably has a viscosity of 60 to llOml/g, more 
, determined in accordance with ISO 307- 1984(E), 
the flame-retardant polyamide composition having 
components described below, 
amide for the present invention is determined in 
307-1984(E). More concretely, the polyamide is 
•ated sulfuric acid (96%) from the flame-retarded 
if the present invention, to prepare the solution of 
; acid containing polyamide at 0.005g/ml. Viscosity 
that of the above solution determined at 25°C by an 

specified by ISO 3105. 
polyamide composition of the present invention 
dolyamide at 20 to 80% by weight, preferably 25 to 



(B) Inorganic reinforcing agent 



polyamide composition of the present invention 
Reinforcing agent in the above-described aromatic 



tixe 



agents useful for the present invention include 
fillers in the form of fiber, powder, particle, plate, 
like. 

inorganic reinforcing agents useful for the present 
ic fibers such as glass, potassium titanate, 
wollastonite, carbon, metal carbide, hardened 
n fibers. Of these fibrous fillers, glass fibers are 
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have 



3 preferable 



oarticvdarly preferable, 
vill have improved 
;hexinoplastic resin w; 
strength, bending streli[ 
'esistance characteristics 

The glass fibers 
preferably 0,3 to 6mm, 
50 to 600. It is 
md aspect ratio each 
: ncorp orated in the 
LO to 40% by weight. 

The inorganic rei] 
: n addition, to the above 
])late, needle, cloth 
norganic compounds, e. 
titanium dioxide, talc, 
iipherical glass, mica, 
oxide in the form of 
plate. 

These inorganic i 
([ombination. They 
igent. For exi 
ompound, e.g., vm] 



The composition, when reinforced with glass fibers, 
moldability, and provide the formed article of the 
th improved mechanical properties (e.g., tensile 
Lgth and bending modulus of elasticity) and heat 
g., thermal deformation temperature), 
an average length of normally 0.1 to 20mm, 
and aspect ratio of normally 10 to 20OO, preferably 
to nse the glass fibers having an average length 
in the above range. These glass fibers are 
comjposition normally at 5 to 50% by weight, preferably 



' maj 



yl 



glycidoxypropyltrietho icysilane. 



r article, their average 
I refer ably 1 to 100 nm. 

Of these inorganic 
t le present invention. 
The inorganic reinf(|)rci 



nforcing a 



and 



agents useful for the present invention include, 
fibrous agents, those in the form of powder, particle, 
mat. More concretely, these agents include 
, silica, sib ca- alumina, alumina, calcium carbonate, 
woUastonite, diatomaceous earth, clay, kaolin, 
gypsum, red ion oxide, magnesium oxide and zinc 
po-w'der or plate; and potassium titanate in the form of 



rcing agents may be used either individually or in 
be also treated with sHane or titanium coupHng 
;hey may be surface-treated with a silane-based 
triethoxysilane, 2-aminopropyltriethoxysilane, 
When these agents are in the form of 
p^ticle size is normally in the range of 0.1 to 200)am, 



reinforcing agents, glass fibers are more preferable for 
ing agent is incorporated in the composition 
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lormally at 5 to 50% by 
(CI 

The examples of the bromine-based Q.am& retardant useful for the 
])re6ent invention induc e brominated polystyrene, polybrominated styrene 
■ md brominated polyph^nylene ether. More concretely, these brominated 
polystyrene compounds include poly dibromosty re ne, polytribromostyrene, 
] )olypentabromostyrene and polytribromo-a-methyl styrene. 

These brominated polystyrene compounds can be obtained by 



brominating polystyrene 



iityrene, on the other ha id, can be obtained by polymerization of brominated 



weight, preferably 10 to 45% by weight. 
Bromine-based flame retardant 



i tyrene or brominated a- 



torn that constitutes th 
ijolybrominated styrene, 



or poly-a-methyl styrene, and polybrominated 



methyl styrene. 



It is partic\ilarly preJerable for the present invention to use 
polybrominated styrene prepared by polymerization of styrene or a-methyl 
J tyrene brominated befo rehand as the monomer. Styrene or a-methyl 
{ tyrene as the stock mor omer is brominated at least partly at the hydrogen 
aromatic ring, and polymerized into the 
wherein the bromine atom is present in the 
I olymer as the hydrogeni atom bonded to the carbon atom that constitutes 
the aromatic ring is partly substituted by the bromine, the hydrogen atom 
farming the alkyl chain which forms the main skeleton of the polymer being 
essentially not substitutf^d with bromine. 

On the other hand, in the brominated polystyrene produced by 
brominating polystyrene or poly oc-methyl styrene after polymerization of 

tyrene or a-methyl styrene, bromine is present mainly in the aromatic ring 
as the hydrogen atom bo ided to the carbon atom that constitutes the 
aromatic ring is partly svhstituted by the bromine, but also present to some 
e stent in the alkyl chain which forms the main skeleton of the polymer as 
t] le hydrogen atom in the alkyl chain is partly substituted with bromine. It 
differs from the polybron inated styrene in that the hydrogen atom in the 
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ilkyl chain which forms 
^ith bromine. 

However, both are 



the main skeleton of the polymer is substituted 
represented by the general formula [IV]: 




herein, "m" is an integter 
The brominated polystjTrene 
:-ep resented by the general 
] )olymer. 




On the other hand, the 
Iiolymerization of hromxjiiated 
IVI]: 

CH2=CH 




-(Br)n, 



CIV} 



ofltoS. 

is obtained by polymerization of styrene, 
formula fV}, and then brominating the resultant 



poly brominated styrene is obtained by 

styrene, represented by the general forraula 



The bromine-based flajx 
lontains the polybromir(atei 
Bonomer brominated 

The polybrorainated 
■;o 400g/10 minutes, 
(iO to 300g/10 miniites, 
of 270°C using an orifice 
weight-average moleciiliir 
to 400,000, still more pr 

The bromine-based 
<;ontain a bromine coinp' 
addition to the above 

hexabromobenzene, 
(Secabromodiphenyl, 
(Lecabromodiphenyl oxid 
tetrabrom obisp henol 
A-bis(hydroxyethyl ether): 
ether), tetrabromobisphonol 
tetrabromobisphenol A-1 
tetrabromobisphenol 
£ ''bis(hydroxyethyl ethei) 
qther), 

tetrabromophthalic a 
itrabromophthalimide 
ethylenebis(5,6' 
tris-(2,3-dibromopropi^l- 
Diels-Alder adduct 
tribromophenyl glycicyl 
tribromophenyl acrylate^ 



.e retardant for the present invention preferably 
id styrene, which is produced by polymerizing the 
beforehand, 

styrene for the present invention has an MFR of 40 
rably 50 to 350g/10 minutes, still more preferably 
4etermined at a load of l,200g and at a temperature 
having an internal diameter of 2.095mm, or has a 

weight (Mw) of 2,000 to 500,000, preferably 5,000 
ferably XO.OOO to 300,000. 
ame retardant (C) for the present invention may 
)und selected from the foUo-vving compounds, in 
described polybrorainated styrene - 
] lentabromoethylbenzene, hexabromobiphenyl, 
hexabromodiphenyl oxide, octabromodiphenyl oxide, 

A and its derivatives, e.g., tetrabromobisphenol 
tetrabromobisphenol A-bis(2,3-dibromopropyl 
A-bis(bromoethyl ether) and 
■\ isCallyl ether), 
S and its derivatives, e.g., tetrabromobisphenol 
and tetrabromobisphenol S-bis(2,3-dibromopropyl 

.d anhydride and its derivatives, e.g., 
and ethylenebistetrabromophthalimide, 
dibro^onorbornane -2 , 3 ■ dicarb oxyimide) , 
l)-isocyanurate, 
of hexabromocyclopentadiene, 
ether. 
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m 



ethylenebistribromo] )heiiyi ether, 
ethylenebispentabromophenyl, 
etbylenebispentabro nophenyl ether, 
tetradecabromodiphenoxybenzene, 
brominated polypheiylene oxide, 
brominated epoxy r 
brominated polycarb snate, 
polypeatabromobenzyl acrylate, 
octabromonaphthale le, 

pentabromocyclohexiine, hexabromocyclododecane, 
bis(tribromopheayl)f omaramide, and 
N-methylhexabromo(]iiphenyl amine. 

retardant is incorporated in the 
composition at 5 to 40% by weight, preferably 10 



flame t 



the 



The examples of the 
(D) for the present 
pentaoxide, antimony t 
The examples of 
component (D) for the ; 
tjhe formiilae: 

2ZnO ■ 3B2O3, 4ZnO 
2inc stannates represented 
zinc calcium molybdate 
zjinc molybdate and maj 

These antimony 
or in combination, and 
The antimony -containing 



The bromine-based 
ilame-retardant polyam: 
I0 35% by weight- 

(D) Antimony-containip g compound and/or zinc-containing compound oxide 



antimony-containing compound as the component 
invention include antimony trioxide, antimony 
)xide and sodium antimonate. 
zinc-containing compound oxide also as the 
nt invention include zinc borates represented by 



; 32O3 • H2O and 2ZnO ■ 3B2O3 * 3. 5H2O, 

by the formulae ZnSnOa and ZnSn(0H)6, 
basic zinc molybdate, a compound of high-ef&ciency 
silicate, and zinc phosphate, 
contkining compounds may be used either individually 
so may be the zinc- containing compound oxides, 
compound may be also used together with the 
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I fiUer, 



flame' 



The flame-retardant 
])e incorporated, in add: 
more additives within 
invention. These addit 
jslasticizer, thickening 
inorganic or organic 
compounding agent of 
i|Qica). 

In particular, the 
ilnvention will have fi 
I etardancy, rigidity, 
esistance, -when 

The flame-retardant 
e also incorporated wit^ 
t|o the object of the 
resent invention 
oly4-methyl-l-pentene, 
copolymer, propylene/1 
olystyrene, polyamii 
p olyphenylene oxide, flu< 



1 incorporated 



present 
include 



ide, 



^inc-containing compound oxide. Of those above-described, preferable are 
isodium antimonate, 2Zr O • 3B2O3, and its combination.. 

The antimony-containing compound and/or zinc-containing compound 
oxide as the component (D) for the present invention are/is incorporated 
normally at 0.1 to 10% by weight, preferably 1 to 8% by weight. Flame 
: 'etardancy of the composition of the present invention will be further 
(snhanced when the omponent (D) is used in combination with the 
bromine -based flame retjardant. 

Other components 
polyamide composition of the present invention may 
;ion to the above essential components, with one or 
limits not harmful to the object of the present 
ives include heat stabiliser, weathering stabiHzer, 
a^ent, antistatic agent, releasing agent, pigment, dye, 
nucleating agent, fibrous reinforcing agent, and 
iiiorganic compound (e.g., carbon black, talc, clay or 



•retardant polyamide composition of the present 
improved properties, e.g., heat resistance, flame 
ensile strength, bending strength and impact 

with a fibrous reinforcing agent, 
jolyamide composition of the present invention may 
another type of polymer within hmits not harmful 
invention. These polymers useful for the 
polyolefins, e.g., polyethylene, polypropylene, 
ethylene/l-butene copolymer, propylene/ethylene 
Dutene copolymer and polyolefin elastomer; and 
polycarbonate, polyacetal, polysulfone, 
n and silicone resin. 
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iieconds, and the flam 
combustion time for the 
The second run is 
i mmediately aftei tlie cc 



The flame -retardant polyamide composition of the present invention 
lontains the above described components (A) to (D) and, as required, one or 
nore other components, and has flame retardancy equivalent to V-0, 
determined in accordance with the method specified by UL94. 

The flame retardancy is meas\jred by the following procedure, in 
iccordance with the method specified by UL94. 

The test piece is clamped upright at the upper end on the tester. The 
;est piece is then exp<sed to a specified flame at the lower end for 10 
5 is kept away from the test piece, to measure 
first run. 

conducted in the same manner as the above, 
mbustion is terminated (or fire is extinguished). 
These runs are repeated 10 times, where the longest combustion time 
M) and total combustio i time (T) are recorded. 

Flame retardancy e(tmvaient to V-O^ M is 10 seconds or less, T is 50 
onds or less, the tesi piece is not combusted up to the clamp, and the 
( otton set Underneath t le test piece is not ignited by the molten test piece 
i ailing thereon. 

Flame retardancy ecuivalent to V-i: M is 30 seconds or less, T is 250 
onds or less, the tes ; piece is not combusted up to the clamp, and the 

cotton set tmderneath tie test piece is not ignited by the molten test piece 

falling thereon. 

Flame retardancy equivalent to V-2- M is 30 seconds or less, T is 250 
seconds or less, the tesi piece is not combusted up to the clamp, and the 
cotton set underneath the test piece is ignited by the molten test piece 
f dhng thereon. 

In the flame-retardant polyamide composition of the present invention, 
t le bromine-based flame retardant particles have an average size of less 
0.01 to 0.8jj.m, and are dispersed in the pellets 



tian 0.9|im, preferably 
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miformly without aggl* 
Dromine-based flame re- 
: bllowing proced-ure. 

First, each of the 
■-he present invention is 
i;o form the plane in w 
' ['he ground pellet is 
in which it is immerse i 
retardant out of the plai 
Then, a Pt-Pd 61m 
(Hitachi Ltd., E-1030), 
retardant is observed by 
I aagnification- 500 and 
£.ftcr the etching are 
I article size of the 
I resecce of defects, e.g.. 
More concretely, the 
etching are analyzed 
(Planetron, image-Pro- 
and its distribution. 

The bromine -based 
as the major ingredient, 
of brominated styxene, 
poly amide while for mini 
t^ie present invention, 
rjtardant, shows high 
voidability. It is the; 
farming a member 
connectors, which 



(pmerating with each other. The average size of the 
ardant dispersed in the pellets is determined by the 



for 



becorie 



of the flame -retarded polyamide composition of 
covered with an epoxy resin. The pellet is ground 
lich the glass fibers are arranged along the plane. 

at room temperature, with methylene chloride 
d for 2 hours, to elute the bromine -based flame 



is deposited over the plane by an ion sputterer 
and the plane left by the bromine-based flame 
a scanning electron microscope (Hitachi Ltd., S-800, 
3,000). The electron micrograms taken before and 
ccmpared with each other to determine the average 
b: omine-based flame retardant eluted out, where 
void, is confirmed before the etching, 
electron micrograms taken before and after the 
by an image analysis/measurement software 
Pjlus) to determine the dispersed particle diameter 



flame retardant for the present invention contains, 
polybrominated styrene obtained by polymerization 
and is dispersed very uniformly in the aromatic 
the fine particles. The polyamide composition of 
finely dispersed with the bromine-based flame 
flame retardancy and, at the same time, good 
refore suitable as the flame-retardant resin for 
electric and electronic devices, in particular 
fine and are structured to accommodate fine 
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' ,erminals. 

Average particle size 
■;he electric and electro 
: lame-retardant 
determined in a manne: 
i n the pellet. The bro 
devices, in particular 
composition of the 
1,0 that of the brominate|l 
]>referably 0.01 to 0,8 
in the formed article, 
words, the brominated 
are dispersed in the 
ilame-retardant polyi 
(ither during the forming 

The flame-retardant 
be produced by mixing 

blender, ribbon blendejr 
laixed components aitei 
riulti- axial extruder, 

The electric or elec 
I reduced by forming 
I resent invention 
caoling the shape, afte 
f)rming Step is effectec. 
c imposition of the 
giving the desired shape 

The fiame-retardant 
sJiows good flowability, 



polyamide 



5 present 



i sarrie 



t le 



i obtained 



present 



of the broroinated flame retardant in a member for 
nic devices, in particular connectors, made of the 
composition of the present invention can be 
similar to that for the brominated flame retardant 
nated Qame retardant in the electric and electronic 
(onnectors, made of the Same-retarded polyamide 
invention has an average particle size eqmvalent 
flame retardant in the pellet, i.e., less than O.Sfim, 
The retardant particles are finely dispersed also 
vithout agglomerating with each other. In other 
Qame retardant particles for the present invention 
condition in the formed article as in the unformed 
.de composition, without agglomerating with each 
step, e.g., injection molding or extrusion, 
polyamide composition of the present invention can 
above-described components by a Henschel mixer, 
or tumbler blender, or granulating or crushing the 
they are molten and kneaded by a monoaxial or 
or Banbury mixer, 
c device member of the present invention can be 
flame-retardant polyamide composition of the 
by the above procedure into a desired shape and 
r melting the composition under heating. The 
by, e.g., melting the flame-retardant polyamide 
invention under heating in a mold capable of 



kneader o 



t le 



polyamide composition of the present invention 
when molten, as revealed by the thin-wall flow 



23 



length test, and is suitpibls 
]|nember, e.g., connector, 
Moreover, the elect] 
^lame-retardant polyainlid* 
tough and resistant to 
jfemale connector to j 
4evice member is highy 
esser extent during the 



for efficient production of an electronic device 
having a number of thin -wall portions, 
onic device member, e.g., connector, made of the 
Le composition of the present invention is highly 
■acking when the male connector is inserted into the 
Q them to each other. The electric or electronic 
resistant to heat, and thermally deformed to a 
reflow soldering step. 



|:ffect of the invi|ntion 

The flame-retarded 
being dispersed with 

umber-average particle 
flowability, when moltei 
member as the formed 
cf the present invention, 
4nd resistance to heat. 

More concretely, the 
energy of 37mJ or more 

A flame retardant hiving 
C|.9)Am will deteriorate 
electric or electronic devfice 
jolyamide composition 
f ame xetardant will 
vrhen heated at around 
causing deterioration of 

rticle. These ph( 
rjtardant particles in 
poly amide composition p 



henomena 



polyamide composition of the present invention, 
the bromine-based flame retardant having a 
size of less than 0.9]^m, shows excellent 
under heating. The electric or electronic device 
rticle of the flame-retardant polyamide composition 
in partic\ilar connector, has excellent toughness 

flame -retardant polyamide composition has fracture 
and thin-wall flowability of 60mm or more. 

a number-average particle size of more than 
resistance to heat and, in particular toughness, of the 
member, e.g., connector, of the flame-retardant 
which the flame retardant is dispersed. Such a 
re -agglomeration and growth of the particles, 
200°C or higher in a reflow furnace or molten, 
:he outer appearances and toughness of the formed 
can be confirmed by observing size of the flame 
sheet obtained by pressing the flame-retardant 
ifeUets. 



suffer ] 
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2 EXAMPLES, 



IXAMPLES 
The present invent 
"vhich. by no means limr; 

The following 
(^OMPAIIATIVE 
((a) Heat-resistant poly^mide 
Composition: 

Acid component' 
adipic acid 
Diamine compo[ient: 
Intrinsic viscosity 
Melting point: 310* 
MPR: 9g/10 minutes, 
Heat-resistant poly^ide 
Composition-' 
Acid component 
adipic acid 
Diamine compohent: 
Intrinsic viscosity 
Melting point-' 310' 
MFR: 150g/10 miniktes, 
Inorganic reinforciijig 

Glass fibexs 
Bromine-based 
Polybrominated sty 
GLC's PDBS80, 
Bromine- based 
Brominated polystyrene 



on is described more concretely by EXAMPLES, 
the present invention, 
coniponents were prepared for EXAMPLES and 



(B) 



5 (As ihi 
1 flame 



1 flame 



ide (1) 

55% by mol of terephthalic acid and 45% by mol of 

100% by mol of 1,6-diaminohexane 
nln.Odl/g 

c 

!, measured at 320°C 
(2) 

55% by mol of terephthalic acid and 45% by mol of 

100% by mol of 1,6-diaminohexaiie 
y : 0.8dl/g 
C 

measured at 320°C 
agent 

Fiber Glass, CS03JAFT2A) 
retardant (l) 
rene 

MPR- 115g/10 minutes 
retardant (2) 
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; DHT' 



GLC's PBS64-I[W, 
Bromine-based flapii 
Polybrominate d 

Ferro's PC-6SPpC, 
D) Antimony-containijng 
oxide 

Sodium antimonats 
Nissan Chemic; d' 
The other components 
4veight of SEES made 
inhibitor during co 
(llhemical Industry' i 
^vax (Clariant Japan's 
parts by weight of talc 
£ . nucleating agent for o 
^IXAMPLES 1 and 2 

The above -described 
^ven in Table 1, an 
ent-equippQd extruder 
tthe pellets. 
Melting point 

Melting point (Tm) 
riaximum peak was obsi 
polyamide composition, 
teated at 10°C/minute tci 
WR 

MFR was determine! 
MFR was measured 
lj20°C under a vacuum 



MFR: 58g/lO minutes 
:e retardant (3) 

;ne 

i, MFR: 2lg/10 minutes 
compound and/or zinc-containing compound 



I's Sun Epoch NA-1070, 5 parts by weight 
were also used, in addition to the above: 1 part by 
maleic (Asahi Kasei's Tuftec MIBIS) as a drip 
tion, 0.3 parts by weight of hydrotalcite (Kyowa 
4C) as a halogen catcher, D.3 parts by weight of 
!3ostamont NaVlOl) as a releasing agent, and 0.7 
atsumura Sangyo's Hifiller #10D, whiteness'. 95) as 
iijystalUzation. 



components were mixed to have the compositions 
1 each composition was charged in a biaxial, 
et at 310°C where it was molten and kneaded into 



was defined as the temperature at which the 
rved in the DSC endothermic curve drawn for each 
wherein the sample put in an aluminum pan was 
estabhsh the curve. 



in accordance with ASTM D-1238, outlined below: 
ibr the palletized heat-resistant polyamide, dried at 
12 hours by a vacuum drier, using an automatic 



(sxtrusion type pL 
!i. 095mm at a load of 2,! 
Viscosity 

Viscosity was deter] 
1 he polyamide was extr 
jjolyamide composition 
acid containing polyamidf 
that of the above sol 
iscometer specified by 
I'lame retardancy 

Flame retardancy w 
12 by 5 inches) by the 
1 JL-94 specification. 
] lending test (toughness! 

A test piece (64 by 
hending-tested under 
jimm/minute, to measujfe 
t nergy required to 
test piece was fractured. 
Molder- Sodick Plusbich' 
Cylinder temperaturo 
NT/C1/C2/C3; 320''C/l320< 
Mold temperature: 1; 
Bending tester: 
Thin-wall flow length 
The sample was inj 
ijnder the following conditions 

The first 20 shots 
f ow length (mm), to determine 



with an orifice having an internal diameter of 
j.60g and at a temperature of 320°C. 

d in accordance with ISO 307- 1984(E), wherein 
d with concentrated sulfuric acid (96%) firom the 
;o prepare the solution of the concentrated sulfuric 
ie at 0.005g/ml. Viscosity of the polyamide means 
Atioix determined at 25'C by an Ubbelode type 
SO 3105. 

i determined for the combustion test piece (1/32 by 
vertical combustion test, in accordance with the 



tis 



> fracture 



6 by 0.8mm) prepared by injection molding was 
conditions of span: 26mm and bending speed: 
bending strength, bending modulus of elasticity, 
the test piece (toughness) and strain when the 



l's Tuparl TR40S3A 

'C/310*C/300'C 

NTE^CO's AB5 
^h test 

ijeijted into a 10mm wide, 0.5mm thick bar-flow mold 
ms: 

discarded, and next 10 shots were measured for 
the average. 
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1 Indus ;rial' 
set < 



Injection molder^ T 
Injection pressure ^ 
Injection speed'- 99% 
Cylinder temperature: 
NT/C1/C2/C3: 320'^ 
Mold temperature 
Iteflow heat-resistance 

A 64mm long, 6mr|i 
injection molding was 
i-eflow'treated following 
] eflow-soldering machin 
jiir (Nihon Antom 

The test piece was 
^vith a temperature s 
I>rofile. Referring to Fi 
levels C'a": 240''C, "b": 
held for 20 seconds, to 
piece was not molten 
emperature level was d 
The above-described 
vt'hich the test piece 
solder was sufficiently 
temperature level aroun 
in Figure 1 in the step 
oldering machine used, 
^ize of flame retardant 
Each of the pellets 
covered with an epoxy 
g lass fibers were arrang 



a Machine's IS-55EPN 
l()00kg/cm2, 



i covld 



'320°C/310''C/300°C 
tjest 

wide and 0.8mm thick test piece prepared by 
hiimidified at 40''C and RH 95% for 96 hours. It was 
the temperature profile shown in Figure 1 using a 
e which can heat the work by infrared ray and hot 
;'s. SOLSIS-201IR). 

on a Imm thick glass epoxy substrate, provided 
on the surface, to measure the temperature 
jtire 1, the test piece was heated to set temperature 
:230=C, "c": 220°C and "d": 2aO°C), at which it was 
find the highest set temperature at which the test 
^nd no voids were observed on its surface. This 
ifined as the reflow heat-resistance temperature, 
set temperature means the temperature level at 
be held for 20 seconds or more while the reflow 
molten. The test piece is generally heated to a 
1 10°C higher than the set temperature level shown 
of reflow, although varying depending on a reflow 

J articles 

of the flame -retarded polyamide composition was 
:esin, and ground to form the plane in which the 
id along the plane. The ground pellet was etched, 



28 



at room temperature, 
;i hoTxrs, to elute the 
a Pt-Pd film was 
:i:-lQ30), and the plai 
observed by a scar 
magnification : 500 and 
(fonfirmed before the ei 

The electron 
analysis/measurement 
|ize and particle size 

The results are giver 

Comparative 

The tests were 
cjompositions given in 
The results are given 



w|ith methylene chloride in which it was immersed for 
brobaine-based flame retardant out of the plane. Then, 
deposited over the plane by an ion sputterer (Hitachi Ltd., 
left by the bromine -based flame retardant was 
ng electron microscope (Hitachi Ltd-, S-800, 
3,000). The presence of defects, e.g., void, was 



itcfiing. 

micrograms taken were analyzed by an image 
iioftware (Planetron, imag^-Pro-Flus), to determine 
distribution. 



in Table I. 
EXAMPLES 1 and 2 

in the same manner as in EXAMPLE 1 for te 
T4ble 1. 
in Table 1. 
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Table 1 








E>(amplel 




Compar. i Compar. 
Example 1 iExample2 


[A)( 
3on 


ant 


Heat-resistant poly; 


mide (1)(% by weight) 


~ 


~ 


40 


42 


Heat-resistant poiys 


mide (2) (% by weight) 


40 


40 






(B)( 
son 


-nt 


Inorganic reinforcine 


agent 


30 


30 


30 


30 


(C)( 
pon 


Jomp- 


Bromlne-based flam 
(% by weight) 


e retardant (1 ) 


25 




25 




Bromine-based flam 
(94 by weight) 


s retardant (2) 




25 


" 


~ 


Bromine-based flam 
(% by weight) 


e retardant (3) 


- 


- 
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NaSbO, 


(% by weight) 


5 


5 


5 


5 


= 




(A) MFR of componf 


nt (g/10 minutes) 


150 


150 


9 


9 




racter- 
s of the 
position 


Number-average pa 
retardant dispersed 


rticle size of the flame 
n the pellet (//m) 


0. 7 


O. 7 


0. 9 


O. 7 


Viscosity (ml/g) 




95 


99 


127 


121 


Flame retards ncy te 


it result 


V~0 
234 


V-0 
243 


V-0 


V-0 


ding str< 


,ngth (MPa) 




210 


239 


Berv 


img modulus of slasticity 


(X lO'MPa) 


1. 21 


1. 24 


1. 29 


7. 24 




ture energy (rn«J) 




42 


43 


32 


46 


Stra 


in (mm) 




3. 2 


3. 3 


2. 7 


3. 4 


Thir 


-wall flow length (mm) 




70 


65 


55 


40 


Refl 


5w heat resistance temperat 


.re (°C) 


230 


230 


225 


230 






30 



